Introduction
Computed tomography (CT) is a technique that in recent years has been used with increasing frequency in archaeological and cultural heritage research (Ghysels 2003; Applbaum, Applbaum 2005; Casali 2006 ; Morigi et al. 2007; De Witte et al. 2008 ; Van der Linden et al. 2010; Haneca et al. 2012; Harvig et al. 2012; Lehmann et al. 2010; Tuniz et al. 2012) .
CT provides information on the structure of objects that otherwise cannot be accessed in any way except through destructive investigations or sampling. CT examinations can be also useful for restoration and conservation procedures.
The X-ray tomographic machine used for the study reported in this paper was specially designed for archaeometric research, being the only one of its kind in Romania. The CT device and the software implementing the reconstruction algorithm were developed in the Department for Applied Nuclear Physics at the 'Horia Hulubei' National Institute for Nuclear Physics and Engineering, Mȃgurele, Romania (Constantin et al. 2010) (Fig. 1 ). In the last two years, a large number of cultural heritage artefacts made of ceramics have been examined with this CT apparatus in the course of an on-going post-doctoral project.
In this paper, the results of the tomographic examination of two clay statuettes belonging to the Arad Museum Complex and Moldova National Museum Complex in Iasi are presented. The objects were discovered in Romania, at the Ghelȃiesti-Nedeia settlement in Neamt County and the Ruginoasa-Dealul Draghici settlement in Iasi County (Fig. 2) , and are attributed to the Cucuteni culture.
ABSTRACT -Deciphering the internal structure of prehistoric artefacts can provide spectacular insights that might help us understand the people who made them. In order to preserve the integrity of these relics of past civilisations, it is desirable to make such investigations using non-destructive techniques. Recent decades have witnessed a growth in the X-ray computed tomography (CT) applications in the study of cultural heritage objects. This paper presents and discusses tomographic investigations of two Cucuteni ceramic statuettes discovered in Romania. The study was made with a CT device specially designed for archaeometric applications.
The first object presented here was found at Nedeia, a settlement located on a hill, 2km north-east of the village Ghelȃiesti. This site was first recorded by M. Cojocaru in 1933. However, systematic archaeological research started in 1969, being performed by Stefan Cucos, Dan Monah and A. Nitu. Two occupation levels belonging to the Cucuteni A and Cucuteni B1 periods respectively were identified at Nedeia (Monah, Cucos 1985.97 ).
The second statuette described here was found at Ruginoasa -Drȃghici Hill. The first systematic archaeological study of this location was performed by H. Dumitrescu in 1926; excavations were resumed in 2001 and the team was led by Magda-Cornelia Lazarovici. Drȃghici Hill is located approximately 250m from the village and 1.5km west of the railway station in Ruginoasa; it is on the north-western side of a hilly promontory. The Ruginoasa -Drȃghici Hill site was attributed to the Cucuteni A period (Lazarovici, Lazarovici 2012.13, 21-26) .
Methods and materials

CT machine and experimental procedures
The CT device used in this study was specially designed to study cultural heritage artefacts made from low -Z (low atomic number) materials -e.g., clay, bone, wood.
It comprises a compact X-ray source made by Spellman High Voltage Electronics Corporation (160kV maximum X-ray tube voltage, 3mA maximum current intensity), a home-made positioning system capable of rotation and translation movements and a Varian PaxScan ® flat panel detector with large dimensions (40 x 30cm 2 ). The detector is amorphous silicon (127mm pixel pitch) engineered for highspeed radiographic imaging. The maximum spatial resolution of this CT machine is approx. 300µm. It can be used to study small objects with a maximum volume of 20 x 20 x 20cm 3 (Constantin et al. 2010) .
For image reconstruction, home-made software based on a modified Filtered Back Projection algorithm was written using Microsoft Visual C ++ 2005 (Constantin et al. 2010) .
The working procedure consists of two main steps:
• Adjusting the position of the object with respect to the incoming X-ray beam; • The actual CT scan of the object using the parameters previously optimised for the tomographic examination of ceramic objects (70kV X-ray tube voltage; 700µA X-ray tube current).
The entire volume of the object is scanned in 120 steps, entailing a 360°rotation of the object around its central axis. The partial images are summed up to obtain the final projection.
The acquisition time for a full tomographic scan is roughly five minutes, while image reconstruction takes less than four minutes. These relatively short times needed allowed the screening of a large number of ceramic objects from various Romanian museums. Thus, over one hundred ceramics artefacts were scanned in 2012 alone. 
Description of the artefacts and context of their discovery
The first object approached in this study is a clay statuette belonging to the Arad Museum Complex (inv. no. 4463 ). This artefact is one of a larger group of Cucutenian ceramic statuettes that were investigated using CT, but the only one that yielded interesting scan results.
There is no precise information about how these Cucutenian clay objects were added to the inventory of the Arad Museum Complex. Taking into account the lack of notes and/or any other documents, one can only hypothesise about how these clay objects found their way into the collection of a museum located 450km away from the Cucuteni area. The most plausible explanation is that they were brought to Arad in an exchange of artefacts with other Romanian museums (in this case, the most likely candidate is Piatra Neamt Museum) sometime during the 1990s.
The labels of these objects still bear some old identification details. Thus, the statuette with inv. no. 4662 has another number on its tag (probably the old inv. no.), namely 174. The statuette with inv. no. 1473 was found in Costesti.
The subject of our study (inv. no. 4463) has the following inscription on its ancient label: " GEL ÇEA; 1969; L2; INV 172 ". This can be interpreted as follows: the object was found at a site whose name begins with 'Gel', zone EA, dwelling no. 2, in 1969 (Fig. 3) . It seems that the statuettes numbered 4662 and 4463 were discovered in the same place. Our further investigations identified this unknown site as Ghelȃiesti in Neamt County.
To support the attribution to the Ghelȃiesti Cucutenian site, we note the following facts: there is no other Cucuteni settlement with a name beginning with 'Gel'; this site was excavated in 1969 (Nitu et al. 1971; Monah, Cucos 1985.207) ; the objects with inv. nos. 4662 and 4463 have several similarities to other objects that were definitely found at Ghelȃiesti (4662 -Monah 1997.Fig. 132/1-4, Fig. 190/1, Fig. 149/9; 4463 -Monah 1997.Fig. 160/7, 10, 11, Fig. 165/9) . Moreover, the statuette with inv. no. 4663 is identical to one that was published by Anton Nitu et al. (1971.Fig. 24/4) and Dan Monah (1997. Fig. 165/9 ).
The statuette under discussion (Fig. 4 ) is in a fragmentary condition, the head and lower part of the legs being absent. The height of the statuette is 10.3cm; the pelvis is 3.5cm wide, while the width between the armpits is 3.7cm. The vulva is indicated by a 1.4cm vertical incision. The breast is denoted by two small buttons. The statuette has a flat abdomen; the buttocks are very slightly contoured; an incision demarcates the legs. A line incised around the waist descends towards the hips in the dorsal region. The statuette is orange, the clay very fine. When first published, the Ghelȃiesti statuette was attributed to Cucuteni AB1 or B1 stages, being connected to "the divine and magical practice of fecundity and fertility" (Nitu et al. 1971.57 ).
The second object discussed in this paper belongs to the Moldova National Museum Complex in Iasi (inv. no. 21109). It was excavated from zone E2 of the Ruginoasa site, hovel no. 5, at 1.6m depth below ground level (Fig. 5 ). Hovel no. 5 is 3.8 x 3.4m 2 in area, including the porch. The eastern, southern and western walls were probably made of wood erected on stone foundations. The other objects found at the site are: six antropomorphous statuettes (of which only one represented a male), four zoomorphic statuettes, two conical idols, one bead, one altar and one shell. The whole settlement was attributed to the Cucuteni A3 period (Lazarovici, Lazarovici 2012 ).
The Ruginoasa statuette ( Fig. 6 ) has no special decoration whatsoever. If the navel is clearly visible, the breast is not marked in any way. The proportions of the different body parts are well-balanced. The head is stylised, executed in 'bec d'oiseau' technique. A wide incision divides the buttocks (Lazarovici, Lazarovici 2012) . The statuette has striking steatopygic features, the frontal side being almost flat, with no detail apart from traces of careless finishing. The object is 91.1mm high; the length between the shoulders is 26.6mm, while the pelvis is 33.5mm wide. The stern circumference is 10.9mm, and the abdominal 20.7mm. The head is 12.7mm long (neck including) and 9.1mm in diameter. This object was as carefully finished as many other Cucuteni clay statuettes.
Results and first interpretations
Results
The tomographic study of the Ghelȃiesti statuette ( Fig. 7) revealed the existence of a piece of clay that was initially modelled precisely in the way a rope is twisted. The upper part was twisted clockwise, while the lower part was twisted counter-clockwise. This lower part is actually the region surrounding the womb, exactly under the incised line representing the vulva. It can be concluded that it was deliberately modelled to indicate the existence of a pregnancy. The whole statuette was formed around this initial piece of clay. On the other hand, the statuette has no external marking to indicate pregnancy.
The tomographic examination indicates the existence of two stages in the shaping of this statuette. Thus, each of these two pieces -the upper and lower -was modelled separately, a fact also shown by the different consistency of the clay pieces, clearly resulting from two different moments of execution and drying.
The tomographic investigations of Ruginoasa statuette ( Fig. 8) indicates that the object was made from two pieces -the left and the right -which were tied together later. The head was modelled after these two halves had been combined, a detail that cannot be seen with the naked eye.
The clay from which the object was modelled was carefully selected, being very compact. Using the CT images, a small stone was found on the left side of the statuette in the central zone of the thoracic region (precisely at heart level), next to the contact zone of these two halves. The CT examinations support the idea that this pebble was added deliberately in this precise spot.
This conclusion was reached by also taking into account the results obtained from the tomographic examination of some 108 other Neolithic and Eneolithic statuettes from Romanian museums -measurements that were taken with the same CT device -which indicated that ancient craftsmen paid special attention to the selection of clay; moreover, not a single big stone/pebble was ever noticed in the ceramic paste of other similar Neolithic statuettes. This small stone in the heart region was visible in the area where these two parts were joined together, supporting the idea of an intentional addition.
First interpretations
At first glance, the Ghelȃiesti statuette seems quite unremarkable: it is not painted and the external finishing is far from perfect. Similar conclusions can be also reached from a visual examination of the Ruginoasa statuette, which also has a rough finish. Both objects were found in archaeological contexts which had no obvious ritual significance, at least in the current meaning of the term. The statuettes present no apparent sign indicating their use for cultic or ritual purposes. However, the way in which these objects were manufactured, their structure and the details revealed through tomographic investigation, suggest that they were used in connection with religious or magical practices.
Consequently, despite their apparent simplicity and lack of any special finishing, we favour an interpretation of the statuettes as objects used in religious rituals. In the following discussion, we make further arguments to support this interpretation -in spite of the strong doubts raised by post-processualist archaeology, whereby the importance of religion in the everyday life of prehistoric communities is not so easily accepted. This may be related to an inability of the modern world, over-technologised and secularised, that so often fails to understand the significance and importance of faith. Many examples of foundation rituals, home sanctuaries, communitarian sanctuaries, and small-scale sanctuaries have been found in the Cucuteni-Trypolie area (Lazarovici, Lazarovici 2007. 158-236) , e.g., finds that suggest that the Cucutenain people enjoyed a complex religious life. In the Cucuteni area, figurines with an external representation of pregnancy are encountered relatively rarely (Mateescu, Voinescu 1982) .
We cannot proceed with this discussion without mentioning an exceptional statuette from PodurileDealul Ghindaru (Fig. 9) , also attributed to the Cucuteni culture; its swollen abdomen can easily be interpreted as a sign of pregnancy. This steatopygic statuette turned out to contain 25 small balls of clay (Monah et al. 2003.192) . Unfortunately, the manner in which these clay balls were separated from the sta- tuette's body is not stated -namely, whether the statuette had been cut or broken, or if the internal cavity had a hole or crack through which the small objects could be easily removed by its modern discoverers. In any case, this spectacular find can be connected to complex religious manifestations.
A recent study of Cucuteni statuettes claims that the small number representing pregnant women can be explained in correlation with female and natural fertility (Monah 2012.236) . The tomographic data reported in this paper show that these representations could be much more numerous than has hitherto been believed. Thus, the identification of a hidden pregnancy in a statuette, as in the case of the Ghelȃiesti artefact which was tomographically (and nondestructively) investigated, is absolutely remarkable.
We now review some facts about the circumstances in which the two statuettes were discovered, which can provide some insights for our subsequent interpretation of the tomography results.
A protome shaped like a bird's head and a miniature throne (of an older tradition) were found in dwelling no. 1 at Ghelȃiesti (Nitu et al. 1971.58-59) . A painted cult vessel shaped like a crater (Cucuteni AB stage) containing two other smaller painted vessels was also discovered in the same dwelling.
The archaeologists who excavated the site (Nitu et al. 1971. 58-59) believed that the adobe remains actually came from an altar that was used for ritual purposes and then broken after being burnt ritualistically, together with smaller vessels subsequently placed in the larger one. All these objects were buried before the construction of the dwelling began.
In dwelling no. 2 at Ghelȃiesti, a bowl fragment was found, with painted decoration, from which a sheep or goat protome protrudes (Nitu et al. 1971.58-59) . Later, two cultic complexes constructed from sanctuary models were discovered (Fig. 10 ) Thus, in dwelling no. 5/1970, a first complex composed of six vessels of different shapes and sizes arranged in a circle was identified. In the centre of this ensemble, a large ordinary vessel had been placed upside down to protect a pear-shaped vessel, which, in turn was painted and covered with a lid in the form of a Swedish helmet. The pear-shaped vessel was buried up to the decoration limit. In this last vessel, four anthropomorphic figurines -three intact, one heavily corrodedwere found. These figurines were leaning on the vessel walls, being placed in a vertical position, and oriented to the cardinal points (Cucos 1973.207) .
A recent interpretation of this find has confirmed that the statuettes were arranged in the form of a cross, but showed that the items were possibly not disposed in relation to the cardinal points, simply because the archaeologist who made the discovery had not used a compass when the complex was found. Moreover, it was claimed that the statuettes were deposited on a bed of straw -the straw was not being used for its usual function of protecting grain, but also had the power to partially transmit its sacred power to items deposited on them (Monah 2012.59 ). In the same dwelling (no. 5/1970), a large vessel containing 497 pig and sheep astragals was found, supporting the archaeologist's claim that this was a ritual complex (Cucos 1973.207, note 1) . Stefan Cucos (1973.212-213 ) assumed that such depositions were connected to some magical or religious practices, and that this dwelling had been used solely as a sanctuary. The reasons for this hypothesis are that there were no common ceramic finds in this location, nor any implements or clay weights, while the dwelling had no floor or platform, and the hearth showed no signs of serious fire damage. The very siting of this dwelling within the inhabited area also supports this interpretation.
Two models of the painted sanctuaries in which anthropomorphic statuettes were placed were found in dwelling 33/1983 (Fig. 11) . Dwelling 33/1983 at Ghelȃiesti was also centrally placed in a group of other dwellings, also suggesting its use as a sanctuary. Supporting evidence for such a function is the absence from the inventory of dwelling 33/1983 of any object similar to those discovered in every other house. The structure does not have a platform of wooden beams -unlike all the surrounding dwellings -suggesting that it was used seasonally (Cucos 1993.59-60, 65-68) .
Homo religious belief in gods involves unconditional faith and a religious object that is alive and charged with divinity. Religion is manifested through symbols, myths being just another facet of the communitarian spirit. (Jung 1953.43) .
Transubstantiation is especially known from the Christian milieu and is one of the few religious rites that are practised and are still alive: a large number of people still believe in such divine transformation. Briefly, transubstantiation 1 means the transformation of divine substance in the sense of spiritualisation, being at the same time a sacrifice and sacred meal offered to a god or gods. This miracle happens continuously, because it involves the transformation of some common elements that are known to allnamely, bread and wine. The priest is just an ordinary person invested with the power to offer the sacrifice. The most important moment is when Christ, playing the roles of both the subject and object of the sacrifice, speaks through the priest. This instant marks the point at which Christ is present in both time and space. "In so far, then, as the Mass is an anthropomorphic symbol standing for something otherworldly and beyond our power to conceive, its symbolism is a legitimate subject for comparative psychology and analytical research." (Jung 1958.203-207) .
Carl Gustav Jung found this type of analogy in some pre-Christian civilisations, in Aztec populations, in the cult of Mithra and in alchemy.
"…so [I] how the symbols of the Mass penetrate into the deepest layers of the psyche and its history." (Jung 1958.222-246) .
The transubstantiation ritual is partially supported by Dan Monah, who mentions the addition of crushed cereals and flour in the ceramic paste from the Tripolie A area and the human sacrifices practised by Cucuteni people, but also the possible existence of ritual anthropophagy or tearing bodies to pieces (Monah 2012.235-236) . Dumitru Boghian recalls that transubstantiation and consubstantiation are characteristic features of the Cucutenian statuettes (Boghian 2000.222) . One can also mention here the 16000 ceramic objects found at Gravettian and Pavlovian sites of Central Europe, dating from the Upper Paleolithic. These include figurines and statuettes that were deliberately fragmented, not only mechanically, but also by thermal shock. Mihael Budja suggests that they were deliberately destroyed, insisting that the first ceramic statuettes used in rituals appeared millennia before ceramic vessels and agriculture, implying strong religious motivations. The emergence of agriculture will modify these beliefs (Budja 2007.41-44) .
"Religious creativity was spurred not by the empirical phenomenon of agriculture, but by the mystery of birth, death and re-birth identified in the vegetal cycles." (Eliade 1991.50 ).
The transubstantiation of wet clay into a brittle object that can be spectacularly broken is a process that might induce a very powerful feeling. Transubstantiation is a concept that is also widely documented in ethnographic research, being associated with changes in the human body (conception, gestation, death) and rites of passage (birth, initiation, marriage and funerary rites) (Taylor 2009.311) . The link between cereal cultivation, sacred bread and rebirth as a continuation of certain agrarian and funeral rituals need not be argued further (Naumov 2008; Eliade 1991) . It is worth recalling coliva (Kólliva -in Greek) here, a dish made of boiled and sweetened wheat that is offered at funerals and commemorations (Eliade 1991) in the Balkans. Coliva signifies the body of the dead while wheat is a human staple. In some regions of Romania, coliva is eaten on the first Saturday of Lent (which has a different date in the Christian Orthodox calendar). This moment also corresponds to the celebration of Saint Teodor Tiron and the institutionalisation of coliva in the Eastern Christian church. The moment is naturally correlated with the rebirth of plants, clearly a pre-Christian custom (Marian 1994.239-243) .
The Ghelȃiesti statuette can be clearly linked to very ancient agrarian and fertility rites, adopting birth and re-birth, the real conception of the foetus and the transubstantiation of the divine, which is clearly present in this clay statuette. The bread oven can be seen as part of the uterus of the Great Goddess as observed in some types of anthropomorphic oven found in the Balkans (Naumov 2010.232-233, Fig. 5) . Ethnographic analogies further indicate clear similarities between birth and mortuary rituals (Gennep 1996.57) . The presence of the heart, represented by a round pebble placed in the anatomically correct position, a detail provided by the tomographic investigation of the Ruginoasa statuette, is quite extraordinary and revealing about the religious imagination of Cucutenian people.
Conclusions
The present study presents the results of a tomographic investigation of two Cucuteni clay statuettes. The analysis of the images obtained, and the internal structures and manufacturing details revealed by the CT scans support the idea that the sacred was a concept very much present in prehistoric communities to an extent which might barely be understood and/or accepted nowadays.
Both statuettes reported in this archaeometric study were rather carelessly finished, at least compared to other clay statuettes discovered in the Cucuteni area and/or dating from the same period. It may be readily concluded that in such cases the external appearance of the objects was not important, but what was hidden inside them and what these figurines represented in spiritual and/or religious terms. Both statuettes contained deliberately hidden objects that may be linked to religious manifestations -the transubstantiation of divinities in ceremonies related to the Cucutenian religious universe, birth and fertility.
The results reported in this paper prove that non-destructive and non-invasive X-ray computed tomography investigations can be extremely useful for understanding the structure of intact ceramic statuettes and/or rattles. 
